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(57)Abstract: 

PURPOSE: To prevent an ozone layer in the stratophere from being 
destroyed by a method wherein an etching is performed on a gate on a 
semiconductor substrate with the mixed gas produced in the specified 
ratio of SF6:023:CHF3. 

CONSTITUTION: A polysilicon layer 12 diffused with phosphorus is 
formed for constituting a gate electrode on an oxide film 1 1 on a 
semiconductor substrate and a resist film 13 is adhered on a region, 
where the gate electrode is constituted, of the layer 1 2. Here in a 
process for performing a dry processing on a gate material deposited on 
the substrate, mixed gas containing the mixed gas of SF602, and CHF, 
as its component is used, the mixed gas is produced on the condition of 
SF>02>CHF3 and the mixing ratio of the mixed gas is desirably set in 
the ratio of SF6:02:CHF3:6:2:1 . Thereby, an etching having an anisotropy 
and a high selectivity (arc oxidation-resisting film) in combination can be 
performed on a gate consisting of a polysilicon film on the substrate 
without destroying an ozone layer in the stratophere. 
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[0012] 
[Table 1] 
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[0013] 

[The Problems that the Invention is to Solve] Polysilicon has been widely 
used as a material of a gate in a MOS semiconductor process, and 
anisotropic etching has been an essential technique for gate processing in 
256K-DRAMs and IM-DRAMs. 

[0014] Not a few of semiconductor manufactures and device manufactures 
had been trying various measures for modifying a device and setting 
conditions of, for example, gaseous mixture for the purpose of attaining 
the anisotropy, until a serious problem occurred. The manufactures use a 
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gas of carbon tetrachloride, Freon-115, Freon-12, Freon-13, and the like 
for attaining the anisotropy, however, it has been found out that these 
gases destroy the ozone layer in the stratosphere, which necessitates to 
regulate the use of these gases. Under such circumstances, the 
aforementioned gases are being switched over to chlorofluorocarbons, 
chlorine, bromine, and compounds thereof, which are not subjected to the 
regulation. However, problems of etching characteristics, cost of 
modification, and the like make it considerably difficult to promote this 
switching at a low risk. 
[0015] 

[Means for Solving the Problems and Operations] The object of the 
present invention is to solve the aforementioned problems. Herein, 
etching with anisotropy and high selectivity (to an oxide film) is enabled 
by using a gaseous mixture of SF 6 , 0 2 , and CHF 3 as a main component in 
a step of dry-processing a material of a gate deposited on a semiconductor 
substrate. 

[0016] The aforementioned etching gas is preferably used when the 
mixing ratio of SF 6 : 0 2 : CHF 3 is 6 : 2 : 1 , and is effective particularly for 
etching a gate of polysilicon. 

[0017] Hereinafter, advantages of using the aforementioned gaseous 
mixture will be briefly summarized. Carbon tetrachloride, as well as the 
specified chlorofluorocarbons, is an object of the regulation, and will 
become unusable in the future. Hence, as alternative materials thereto, 
there are ® chlorine and compounds thereof, (2) bromine and 
compounds thereof, and (3) non-regulated chlorofluorocarbons. 
Chlorine and bromine thereamong are designated as special material gases, 
as described above. Since special processing has to be done to supply 
and control of such gases, and consideration has to be given to gas leakage 
detection, using the aforementioned gases in existing devices necessitates 
considerable costs. 
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[0018] In the meanwhile, such considerations are, in most cases, 
unnecessary to non-regulated chlorofluorocarbons which are safe by 
themselves. However, unlike with chlorine or bromine, it is extremely 
difficult to develop, with non-regulated chlorofluorocarbons, the process 
having high selectivity and anisotropy. 

[0019] On the contrary, in the present invention, since the special material 
gases and the like are not used, alteration is barely necessary to a device 
and all that is required is slight modification to an existing device. In 
addition, high selectivity and anisotropy can be both attained with a 
gaseous mixture of a non-chlorofluorocarbon and a non-regulated 
chlorofluorocarbon. Hence, all of the problems involved with the gases 
can be solved. 
[0020] 

[Embodiment] Next, an embodiment of the present invention will be 
described in detail. In a viewpoint of classification by gas mixing, the 
present invention is similar to a gaseous mixture of SF6 and oxygen. 
More specifically, the gas according to present invention is a gaseous 
mixture obtained by mixing SF 6 , oxygen, and CHF 3 . This mixing is the 
most essential point in the present invention. The mixed CHF 3 serves to 
remarkably improve the selectivity with regard to polysilicon and a resist, 
which is the problem in a case of using the gaseous mixture of SF 6 and 
oxygen, and also to improve the selectivity with regard to the oxide film. 
Removing a carbon component in plasma is required for improving the 
selectivity with regard to the oxide film in polysilicon etching. Figure 1 
shows that the present invention brings totally the reverse results of the 
above. The graph in Figure 1 shows change in the etching rate when the 
flow rate of the CHF 3 gas is changed while the SF 6 gas is flown at a rate of 
100 ml per minute. In the graph, the axis of ordinate indicates the 
etching rate ((unit:) angstrom per minute) and the axis of abscissas 
indicates the CHF 3 mixing amount [(unit:) seem (=ml/min)]. Curves A, 
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B, and C indicate changes in the etching rates with regard to 
phosphorus-doped polysilicon, the resist, and the oxide film, respectively. 
[0021] According to Figure 1, when the amount of the mixed CHF 3 is 
increased with regard to the SF 6 base gas, the etching rate to the 
polysilicon is increased and the etching rate to the resist is decreased, 
whereby the selectivity is increased. Further, since addition of the CHF 3 
also serves to protect the side walls of the polysilicon, the polysilicon is 
not side-etched. It is understood from the curve A in Figure 1 that when 
the flow rate of the CHF 3 gas is set at approximately 16 ml per minute, the 
etching rate to the polysilicon is at its maximum. 

[0022] Figure 2 is a graph showing change in the etching rate when the 
flow rate of the oxygen is changed while the SF 6 gas is flown at a rate of 
100 ml per minute. The axis of ordinate indicates the same as that in 
Figure 1 , and the axis of abscissas indicates the flow rate of the oxygen. 
According to the graph of Figure 2, the etching rate to the polysilicon 
oxide film is monotonically changed with regard to the flow rate of the 
oxygen, while the etching rate to the resist has a local minimum point, 
where the selectivity is at its maximum. More specifically, when the 
flow rate of the oxygen is set at approximately 34 ml per minute, the 
etching rate to the resist is at its minimum. This is also observed when 
applying the pressure. 

[0023] Figure 3 is a graph showing change in the etching rate when the 
SF 6 gas is flown at 100 ml per minute, the oxygen is flown at 34 ml per 
minute, and the pressure is changed. According to Figure 3, when the 
pressure is increased, the etching rate to the polysilicon oxygen film is 
monotonously decreased, while the etching rate to the resist has a local 
minimum point. The condition of the local minimum point, which can be 
obtained by increasing the pressure, is the most preferable. 
[0024] The graphs in Figures 1 to 3 indicating the results of the 
experiments, show that, under the conditions where the SF 6 gas is 
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introduced at 100 ml per minute, when the flow rate of the CHF 3 gas is set 
at approximately 16 ml per minute and the flow rate of the oxygen gas is 
set at 34 ml per minute, the etching rate to the polysilicon is at its 
maximum and the etching rate to the resist is at its minimum. In short, it 
can be understood that the optimum mixing ratio of SF 6 : 0 2 : CHF 3 is 
100 : 34 : 16 (approximately 6:2: 1). 

[0025] Next, there will be shown the results of the experiment in etching 
for gate electrode formation employing a conventionally-used etching gas 
and the gas of the invention according to the present application. Figure 
4 shows a state before the etching. Herein, a polysilicon layer 12, where 
phosphorus is diffused, is formed on an oxide film 1 1 on a semiconductor 
substrate for forming a gate electrode, and a resist film 13 is adhered to a 
region where a gate electrode is to be formed. 

[0026] Figure 5 shows the results of etching when a gas of carbon 
tetrachloride is used. As shown in Figure 5, a line width decrement A 
W5 of 1500 A is seen, and the oxide film is decreased by 104 A (A 
D5). 

[0027] Figure 6 shows the case where a chlorofluorocarbon F115 gas is 
used. Since the polysilicon layer 12 is etched at a higher rate than the 
gate oxide film 13, the polysilicon layer 12 is scraped. More specifically, 
a line width decrement AW6 of 1820 A is seen, and side etch S6 is 
generated. 

[0028] Figure 7 shows the results of etching when a chloric bromine gas is 
used. A line width decrement A W7 of 1010 A is seen, and the oxide 
film is decreased by approximately 26 A (AD7). 

[0029] Figure 8 shows the results of etching when a gaseous mixture of 
SF 6 and oxygen are used. A line width decrement AW8 is large, 2275 
A, and an erosion width AD8 of the oxide film 1 1 is fairly large (35 A). 
[0030] Figure 9 shows the results of etching when a gaseous mixture of 
SF 6 , oxygen, and CHF 3> which is the invention according to the present 
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application, is used. As is found from the drawing, a line width 
decrement AW9 is 1038 A, and an erosion width AD9 of the oxide 
film 1 1 is as 29 A, which is small. 

[0031] As is found from Figures 5 to 9, use of a gaseous mixture of SF 6 , 
oxygen, and CHF 3 brings approximately the same results as those when a 
chloric bromine gas is used. The results of the etching are deteriorated in 
an order of a carbon tetrachloride gas, a gaseous mixture of SF 6 and 
oxygen, and a chlorofluorocarbon F115 gas. Hence, it is found that use 
of a gaseous mixture of SF6, oxygen, and CHF3 enables to obtain excellent 
selectivity to the resist film and high size precision. 

[0032] Although the etching to the polysilicon has been described above, 
the etching is possible when the following materials are used for the gate. 

1 . Other gate materials 

The same effects can be obtained when a gate material such as 
silicide, polycide, tungsten or compound films thereof is used. 

2. Silicon Nitride Anisotropic Etching 

Etching with higher selectivity is enabled by adding CHF3 to a 
nitride etching gas, NF 3 , CF 4 , SF 6 or gaseous mixtures thereof. The 
structure of the foil film in this case is formed of silicon nitride, an oxide 
film, and a silicon substrate. If polysilicon is provided under the silicon 
nitride in the structure, anisotropic etching is enabled by changing the flow 
rate of the CHF 3 . 

3. Single Silicon 

Herein, anisotropic etching is enabled by using the gaseous mixture 
according to the present invention in low pressure RIE. 

4. By mixing another gas (C 2 F 6 , C 3 F 8 or the like) used for an oxide film 
etching, instead of CHF 3 , the same etching to the polysilicon is possible as 
when mixing CHF 3 . Further, the aforementioned gases can be mixed as 
the fourth gas with CHF 3 . 
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